Objective: To contribute to the knowledge on the therapeutic value of lung volume reduction surgery (LVRS). Design: Two similar, independently conceived and conducted, multicenter, randomized clinical trials. Setting: The Canadian Lung Volume Reduction (CLVR) study and the Overholt-Blue Cross Emphysema Surgery Trial (OBEST). Methods: Using a fixed-effects meta-analysis, the 6-month results produced by the addition of LVRS to optimal medical therapy were compared to those obtained from optimal medical therapy alone. Patients were required to have severe emphysema, marked airflow limitation (ie, FEV 1 , 15 to 40% predicted), hyperinflation (total lung capacity [TLC], > 120% predicted), CO 2 , < 55 mm Hg, and measurable dyspnea (chronic respiratory disease questionnaire [CRDQ] scores < 4 for the CLVR study, or Medical Research Council dyspnea scale > 1 for the OBEST). Optimal medical therapy included pulmonary rehabilitation in both arms of both studies. Results: The CLVR study randomized 58 patients and the OBEST randomized 35 patients for a total of 93 patients. Of these, 54 patients were randomized to undergo surgery, and 39 patients were randomized to receive medical treatment. The 6-month mortality rate (including operative mortality) in the surgical and medical cohorts was similar (5.6% vs 5.1%, respectively). A comparison of the medical and surgical arms of the combined CLVR study/OBEST population showed that LVRS was associated with a higher FEV 1 (167 mL or 24% predicted; 95% confidence interval [CI], 29 to 304; p ‫؍‬ 0.017), lower residual volume (؊1,342 mL or 24.5% predicted; 95% CI, ؊1,844 to ؊840; p < 0.001), lower TLC (؊1,044 mL or 13% predicted; 95% CI, ؊1483 to ؊605; p < 0.001), and higher 6-min walk distance (148.8 feet; 95% CI, 24.3 to 273.2; p ‫؍‬ 0.019). Each domain of the CRDQ showed statistically significant improvement in the surgical arm of the study, but not in the medical arm. The summary physical component scale of the Medical Outcomes Study 36-item short form (SF-36) was also more favorable in the LVRS cohort (6.9; 95% CI, 2.86 to 10.90; p < 0.001). The summary mental component scale of the SF-36 did not show a statistically significant difference between the two groups. Conclusion: Six months after randomization, LVRS produced better palliation than optimal medical therapy in patients with advanced emphysema.
uniform. The scores of observational studies indicated that 70 to 80% of selected patients experienced clinical and physiologic improvements with acceptable operative mortality rates (range, 4 to 8%).
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Nonetheless, skepticism about the effectiveness of the operation was widespread. 3 Concern was also expressed 4 that, in the face of as many as 1 million potential candidates for LVRS in the United States alone and a cost of $30,000 to $35,000 per operation, unfettered utilization would impose a heavy burden on the health-care budget. Health insurers, including Medicare, discontinued the coverage of LVRS, and utilization of the operation fell sharply. Many patients and physicians were disappointed by the denial of access to a seemingly effective therapeutic modality for a devastating chronic disease. In response, several, single-center, randomized clinical trials and the National Emphysema Treatment Trial (NETT), sponsored by the National Institutes of Health and Medicare, were organized to assess the effectiveness of the operation, to clarify the indications, to refine the details of management, to determine the duration of benefits, and to obtain information about the impact on longevity. 3, [5] [6] [7] [8] [9] [10] [11] Unfortunately, all the randomized LVRS trials were hindered by poor enrollment. Although favorable results were reported from five smaller randomized trials, [5] [6] [7] [8] [9] none of them enrolled sufficiently large numbers to draw convincing conclusions about the value of LVRS. A May 2003 report from the NETT 11 provided valuable outcome information on 1,218 patients, but the search for definitive answers about the value of LVRS is continuing.
The Canadian Lung Volume Reduction (CLVR) surgery study and the Overholt-Blue Cross Emphysema Surgery Trial (OBEST) are two independent multicenter randomized clinical trials with study designs, patient characteristics, clinical care, databases, and outcomes that are sufficiently similar to permit a meta-analysis of the combined results. Since both trials experienced enrollments that were lower than expected, it was thought that combining the data from the two studies 3, 10 provides greater statistical power to answer questions about the palliative value of LVRS. The present study reports on the combined 6-month outcomes from these two multicenter clinical trials.
Materials and Methods

The Randomized Clinical Trials
The CLVR study was a Canada-wide, four-center, randomized clinical trial comparing treatment with LVRS combined with optimal medical therapy and optimal medical therapy alone for patients with advanced emphysema. The optimal medical therapy included the completion of a 6-week regimen of standardized pulmonary rehabilitation. The primary outcome of this trial is the health utility index (HUI), a measure of health-related quality of life, over the 2-year follow-up period. Because the CLVR study continued to enroll new subjects, we chose not to evaluate the primary outcome for this interim assessment. Enrollment was conditional on specified inclusion and exclusion criteria (Tables  1, 2) . After a standardized screening and evaluation process, patients who qualified were randomized in a 1:1 allocation ratio to receive treatment with LVRS plus optimal medical therapy or optimal medical therapy alone, with surgeon stratification and blocking within each center. Blocking was performed in groups of two or four. Patients who were assigned to undergo LVRS proceeded to surgery within 2 weeks. Crossover between randomized arms was not permitted (Fig 1) . No patient crossed over from medical therapy to LVRS during the first 6 months of randomized treatment. Patient recruitment started in July 1997 and finished in September 2001.
The OBEST was also a randomized clinical trial 3 that compared outcomes from LVRS combined with optimal medical therapy and optimal medical therapy alone for patients with advanced emphysema. Optimal medical treatment included 80% compliance with a standardized 8-week pulmonary rehabilitation program. The primary objective of this trial was to detect differences in outcome between the two arms in terms of health-related quality of life, as measured by the chronic respiratory disease questionnaire (CRDQ), and exercise capacity, as measured by the 6-min walk distance (6MWD). Eligibility was determined by specified inclusion and exclusion criteria that were similar to those in the CLVR study (Tables 1, 2 ). All 11 participating hospitals, which were located in the Commonwealth of Massachusetts, screened and managed patients, while LVRS was performed in only six hospitals. As Blue Cross Blue Shield of Massachusetts and Harvard Pilgrim Health Care agreed to cover the costs of clinical care, the overwhelming majority of patients were subscribers to these two health plans. Patients were randomized for 6 months of treatment in a 2:1 allocation ratio between surgery and medicine within blocks of six patients, and this was done for each referring center. The 6-month randomization period with a crossover option from medicine to surgery after the completion of the 6-month evaluation was elected because by that time the results of the operation were manifest and reliable outcome data were available. Moreover, delaying a potentially beneficial therapeutic intervention (ie, LVRS) for this relatively short period does not expose the patient to undue health hazards, as emphysema progresses relatively slowly and is not usually associated with sudden death (Fig 1) . The recruitment of patients started in October 1998 and finished in January 2002.
The clinical trial protocols and other relevant documents were reviewed and approved by the ethics committee or institutional review board for each participating institution. Patients in the study signed appropriate informed consent forms. Each trial had its own data safety monitoring board. As the CLVR study and the OBEST used essentially identical protocols for patient selection, treatment, and data collection, the studies were suitable for meta-analysis.
Center Selection
Site selection for both the CLVR study and the OBEST was based on documented LVRS experience with an acceptable operative mortality rate (Ͻ 10%), morbidity, and functional results. Other criteria for site selection included the availability of experienced pulmonologists and thoracic surgeons in institutions with up-to-date operating and intensive care facilities, which were staffed by multidisciplinary support teams that included critical care, anesthesia, and thoracic radiology specialists.
Patient Selection and Screening Process
Patients who had received a clinical diagnosis of emphysema and had severe shortness of breath, despite receiving optimal medical therapy, were accepted for screening by both the CLVR study and the OBEST. Although the inclusion and exclusion criteria were established independently by the CLVR study and the OBEST, both studies followed commonly practiced standards at the time the respective studies were organized, and thus the selection criteria for the two trials were similar (Tables 1, 2 
Standardization of Programs and Outcome Measure Testing
Pulmonary rehabilitation programs, and the assessment of health-related quality of life and outcome measures such as the 6MWD were standardized in all centers with the use of training sessions, training videos, annual refresher meetings for investigators, a study-specific manual of treatment guidelines, and trial co-coordinator meetings. Pulmonary function testing facilities participating in both trials met or exceeded the standards established by the American Thoracic Society. The reference values used to estimate the percentage of predicted FEV 1 , residual volume (RV), and total lung capacity (TLC) also complied with American Thoracic Society recommendations. 14 Every effort was made to blind those persons who were administering outcome measure tests to the allocation group of the study participants. However, as in all surgical clinical trials, blinding was difficult to ensure in all instances.
Radiologic Testing
In both the CLVR study and the OBEST, the CT scans of the chest were interpreted locally at the various participating institutions to determine patient eligibility for enrollment into the trials. The CT scan images then were transferred to an imaging center for further study. The radiologic criteria for entry into both the CLVR study and the OBEST required evidence of hyperinflation with flattened diaphragms and an increased anteroposterior diameter, which are indicative of advanced emphysema. CT scan evidence of emphysema severity was subjectively assessed, as was the degree of heterogeneity. An absence of dominant lower lobe emphysema was required for patients in the OBEST study. Patients who had severe saccular bronchiectasis (ie, production of more than three tablespoons of sputum per day) or giant bullous emphysema (defined as one or several bullae Ͼ 5 cm in size or occupying Ͼ 25% of the volume of the hemithorax compressing the surrounding lung parenchyma) were excluded. Patients with pulmonary nodules that were Ͼ 0.7 cm in size, that had been present for Ͻ 2 years, that showed increases in size, or that had malignant features were also excluded from the study. In the end, the patients' prospective surgeon made the final decision about their suitability for participating in the study.
Randomization
During a second clinic visit, the results of the laboratory tests were reviewed, and the patients were reevaluated. Those who qualified for the trial signed a second informed consent form, and were referred for participation in a standardized pulmonary rehabilitation program that was of a similar nature and duration in the two trials. After completing pulmonary rehabilitation, a second round of prerandomization testing was performed and used as the baseline values. Patients who were still eligible for the trial were randomized between LVRS combined with optimal medical therapy and optimal medical therapy alone. The randomization was performed by the data coordinating center for each study. All outcome events were attributed on an intent-to-treat basis. Patients who were randomized to undergo surgery were scheduled to undergo LVRS within 14 days, but not exceeding 21 days, after randomization. The study design is presented schematically in Figure 1 .
Outcome Objectives
The primary outcome objective for the CLVR study was HUI, and for the OBEST the objectives were the CRDQ score and the 6MWD. A predetermined minimally clinically important difference for the 6MWD was considered to be 30 m (100 feet). The secondary objectives for both trials included the SF-36 and changes in pulmonary physiology (ie, FEV 1 , TLC, and RV). We aimed to reduce the RV by 20 to 30% and considered the minimally clinically important difference for FEV 1 to be 200 mL or an increase from baseline of 20%. The CLVR study also used the 6MWD as a secondary objective. All these variables, except for the HUI, were obtained and analyzed in the present metaanalysis.
CRDQ
The CRDQ is an interviewer-administered instrument measuring both physical and emotional aspects of chronic respiratory disease. 12 The instrument contains a total of 20 questions in four categories (ie, dyspnea, fatigue, emotional function, and mastery). Each item is scored on a 7-point modified Likert scale from 1 (maximum impairment) to 7 (no impairment). Changes in the score of 0.5, 1.0, and 1.5, respectively, were regarded as small, moderate, and large effects.
SF-36
The SF-36 is a self-administered questionnaire and contains 36 questions covering eight health domains divided into two components. 13 The physical component summary scale scores includes physical functioning, role physical, bodily pain, and general health perceptions, while the mental component summary consists of energy/vitality, social functioning, role emotional, and mental health. Each domain is scored from 0 to 100, with the highest number representing the best health state. In this study, 5 was considered to be a small change in score, while 10 was considered to be a moderate-to-large change in score.
Surgical Technique
Surgical techniques were standardized independently in the CLVR study and the OBEST, but on retrospective analysis they were similar in both trials. The CLVR study used median sternotomy in all patients, as did five of the six OBEST centers. One OBEST site employed video-assisted thoracic surgery exclusively (six patients). The most severely diseased portions of the upper lobes of both lungs were identified by preoperative CT scans of the chest and by ventilation perfusion scans. This preoperative information was combined with the anatomic findings at surgery for the determination of the site and extent of resection. Approximately 20 to 30% of the total lung volume was removed with linear staplers. The staple lines were buttressed with either bovine pericardium or polytetrafluoroethylene (GoreTex; W. L. Gore; Sunnyvale, CA) to reduce postoperative air leaks. 15, 16 Extubation was attempted in the operating room immediately after consciousness returned in all patients.
Medical Treatment
Medical treatment for patients in both the CLVR study and the OBEST was optimized according to the recommendations of the American Thoracic Society and the Canadian Thoracic Society. Medical therapy included pulmonary rehabilitation, smoking cessation, yearly vaccination, oxygen therapy, and therapy with bronchodilators, corticosteroids, and antibiotics. [17] [18] [19] [20] Patients in both arms of the study completed a standardized pulmonary rehabilitation program of at least 6 weeks duration prior to randomization and continued with the program for the full duration of the study.
Patient Follow-up and Disposition
Intensive efforts were made by both trials to follow up patients for the duration of the study. Data for the 6-month follow-up were collected any time between 24 and 28 weeks after randomization (mean [Ϯ SD] time, 6 months Ϯ 2 weeks). After the 6-month evaluation mark, patients in the medical arm of the OBEST who expressed a desire to undergo LVRS and still qualified for the procedure were given the opportunity to undergo surgery.
Sample Size
The sample size in the CLVR study was calculated assuming a two-tailed type I error rate (␣) of 5%, a power of 90%, and a clinically important difference (⌬) of 0.10 over the 2-year period of follow-up in the trial for HUI. Therefore, a total sample size of 350 patients, with a 1:1 allocation ratio and blocking within centers, was calculated. Similarly, in OBEST, the sample size was calculated using a two-sided test at the 5% significance level with a 90% power to detect a 100-foot difference in the 6MWD between the two arms. Expecting a withdrawal rate of approximately 15% by the time of the 6-month evaluation, a total sample size of 219 patients with a 2:1 allocation ratio was calculated.
Data Management and Analysis
The CLVR study and the OBEST contracted with separate data coordination centers (DCCs) for randomizing patients and managing data. All of the data collected were entered into case report forms at the participating clinical sites and were submitted to the respective DCCs for analysis. The combined data from the two studies were analyzed by the DCC of the CLVR study. Although we chose to present the two studies in a meta-analysis format, this report does not include data from all other available studies. We thought, however, that the meta-analysis approach was both acceptable and the fairest way to present the results of these two independent studies together. Study designs, patient groups, and clinical management were similar for the CLVR study and the OBEST, allowing for a combined assessment of the two trials. A statistical test of heterogeneity was performed between these two trials and produced a test statistic (Q) 1 , and 6MWD. These results suggest that the two trials were not different, that one should not reject the null hypothesis, and that the difference in the true treatment effects could be reported in this manner. Thus, both clinical and statistical criteria showed sufficient similarity to allow the analysis of the combined data.
Data are presented as the mean and SD. Differences between groups (surgical cohort and medical cohort) at 6 months are presented and evaluated. Similarly, the differences between baseline (postrehabilitation and prerandomization) and the 6-month postrandomization values (changes within a cohort) are also presented. The primary tool for the assessment of data was a two-way analysis of variance with center and treatment as the two factors. The primary and secondary analyses were conducted at the 5% level of significance. The results from each of the studies and from combining the two studies were evaluated. Pooling was conducted using 6-month results for the metaanalyses. The meta-analysis was modeled along the method suggested by Sutton et al. 21 Pooled results were expressed as the weighted mean differences with 95% confidence interval (CI) using the fixed-effects model, in which weights were chosen as inverse variances of the treatment effect.
Findings
The CLVR study screened 406 patients. Of these, 348 patients (85.7%) did not meet the inclusion/ exclusion criteria and were disqualified, leaving 58 patients for randomization (Fig 1) . Reasons for exclusion were pulmonary function test results outside the acceptable boundaries (34%), prohibitive comorbidity (25%), bullous disease (9%), patient refusal to participate (17%), ␣ 1 -antitrypsin deficiency (6%), patient preference for lung transplantation (5%), and ventilator dependency (4%) [Fig 1] .
The OBEST screened 332 patients. Of these, 221 patients were disqualified after the initial evaluation because of a failure to meet the inclusion/exclusion criteria or because they did not have the required insurance coverage. Of the 111 patients who qualified for further screening, 76 patients either failed to meet the inclusion/exclusion criteria or refused randomization. The remaining 35 patients completed pulmonary rehabilitation and were randomized (Fig 1) .
The CLVR study randomized 58 patients, and the OBEST randomized 35 patients, for a total enrollment of 93 individuals in the two trials. Thirty patients from the CLVR study and 24 patients from the OBEST were randomized to undergo LVRS, for a total of 54 planned operations. In the CLVR study trial, three patients did not undergo LVRS. One of these patients withdrew from the study prior to undergoing LVRS and refused to be followed up further. A second patient's operation was postponed and, on reassessment 4 months later, he felt too well to accept the risks of surgery. All scheduled outcome measures were obtained, and this patient was in-cluded in the surgical cohort results (intent to treat). A third patient was disqualified in error from the study because of an unexpected intraoperative discovery of a lung malignancy.
The medical cohort consisted of 28 patients from the CLVR study and 11 patients from the OBEST, for a total of 39 patients. Because of the 2:1 surgical/ medical randomization in the OBEST design, the medical arm in the OBEST was smaller than the surgical cohort. From the original 93 randomized patients, 5 patients died during the follow-up period and only 88 patients survived to undergo evaluation 6 months after randomization. Pulmonary function test results were obtained in 79.5% of patients (70 of 88 patients), CRDQ scores were obtained in 85.2% of patients (75 of 88 patients), SF-36 scores were obtained in 85.2% of patients (75 of 88 patients), and 6MWD results were obtained in 90.9% of patients (80 of 88 patients).
The inclusion/exclusion criteria were essentially the same in the two studies. One exception was that the OBEST accepted patients with a heterogeneous distribution of emphysema, while the CLVR study also included two patients with homogeneous disease. Thus, 91 of the 93 randomized patients (97.8%) had predominantly heterogeneous upper lobe disease. The two patients with homogeneous anatomy in the CLVR study had FEV 1 values of Ͼ 20% predicted and thus did not meet the "high-risk criteria" of the NETT (Tables  1, 2 ).
The demographic profiles and the baseline data in the surgical and medical arms of the two trials were similar ( Table 3 ). The surgical arm of the OBEST had more women than men. Every patient studied in the two trials exhibited the hallmarks of advanced emphysema.
Of the 54 patients who were randomized to undergo LVRS, only 51 underwent the procedure. There was one hospital death (1 of 54 patients [1.85%] or 1 of 51 patients [1.96%] ). An additional two surgical patients (3.8%) died Ͼ 30 days after undergoing LVRS but within 6 months after undergoing LVRS, for a total 6-month mortality rate of 5.7% in the operative cohort. One of the late deaths occurred 4 months after surgery. The other patient died 6 months after undergoing LVRS from an apparent unrelated cardiac event. In the medical arms of the CLVR study and the OBEST, two of 39 patients (5.1%) died within 6 months of randomization.
The median length of hospital stay for LVRS was 22 days (range, 4 to 161 days) in the CLVR study and 12 days (range, 4 to 57) in the OBEST. During the 6-month follow-up period, the CLVR study hospitalized 14 medical patients (50%) for 38 hospitalizations and 18 post-LVRS patients (60%) for 27 readmissions. During the same time frame, the OBEST hospitalized one medical patent (9%) on one occasion and three post-LVRS patients (12.5%), for a total of three hospitalizations.
Changes From Baseline to 6-Month Postrandomization Values
Pulmonary Function: Spirometry and lung volume measurements showed improvement between baseline and 6-month postrandomization values in the surgical arms of the CLVR study, the OBEST, and the combined population (Table 4 ). In the LVRS cohort of the combined CLVR study/OBEST population, FEV 1 increased by 192 mL (28.8%), the TLC and RV decreased by 993 mL (12.4%) and 1351 mL (24.3%), respectively, Pco 2 fell by 2.9 mm Hg, and Dlco rose by 1.11 mm/min/mm Hg. All of these changes were statistically significant. In the medical arms of the CLVR study, the OBEST, and the combined population, the pulmonary function test, Dlco, and Pco 2 values showed slight changes that were not statistically significant. FEV 1 fell by 10.2%, but this did not reach statistical significance (Table 4) .
Exercise Tolerance: The 6MWD increased in the surgical cohorts and decreased in the medical arms of both the CLVR study and the OBEST. In the combined population, the 6MWD increase in the surgical group was 145.5 feet (p ϭ 0.032), and the 6MWD decrease in the medical arm was 57.9 feet (p ϭ 0.085) [ Table 4 ].
Outcome Differences Between Surgical and Medical Arms 6 Months After Randomization
Pulmonary Function: Six months after randomization, FEV 1 , TLC, RV, and Pco 2 showed better values in the surgical arms than in the medical arms of the CLVR study, the OBEST, and the combined population. In the latter, all of the differences, except for Dlco, were statistically significant (Table 5) .
Exercise Tolerance: The 6MWD was greater in the surgical than in the medical cohorts of both the CLVR study and the OBEST In the combined population, the 6MWD advantage by the LVRS cohort was statistically significant (Table 5 ).
An assessment of the overall 6MWD results revealed that months after randomization a much higher percentage of the LVRS patients had improved than had deteriorated in both the CLVR study and the OBEST. The medical cohort exhibited a reverse ratio. In the combined LVRS population, the performance of 62% of the patients improved, 7 (23) 3 (11) 10 (17) 3 (13) 3 (27) 6 (17) 10 (19) 6 (15) 16 (17) CRDQ dyspnea* and 28% became worse. In the medical arm of the combined group, the performance of 25% of the patients improved, and 67% became worse. The difference between the two arms of the study reached statistically significant levels (p ϭ 0.001) [ Table 6 ].
Quality-of-Life Measures:
At the 6-month follow-up time, all domains of the CRDQ showed better results in the LVRS arm than in the medical arms of the CLVR study, the OBEST, and the combined population (Table 7 ). The improvements in CRDQ scores were statistically significant in all four domains of the combined population. Similarly, the physical component summary scale score of the SF-36 showed a better outcome in the LVRS than in the medically treated cohort of the combined population. The mental component summary scale score demonstrated no significant difference between the two arms of the study. The less sensitive and generic SF-36 instrument demonstrated better outcomes in the surgical arms than in the medical arms in three of the eight domains. The most pronounced difference was a 26-point gain in the physical function domain (p Ͻ 0.001).
Comments
This study presents information on the therapeutic value of LVRS for patients who were enrolled in two separate but comparable randomized clinical trials. The data reveal that, in carefully selected patients with advanced heterogeneous (97.8% of total population) upper lobe emphysema, pulmonary function, exercise tolerance, and quality-of-life measures had improved 6 months after patients had undergone LVRS combined with optimal medical therapy, and were superior to those observed in patients who received optimal medical therapy alone. These results are consistent with findings in five other small randomized clinical trials, [5] [6] [7] [8] [9] in the "predominantly upper lobe emphysema-low exercise tolerance" cohort of the NETT 11 and in scores of observational studies. 22, 23 Selection criteria, baseline demographics, and outcomes were comparable in the CLVR study and the OBEST, so that the ingredients of the two trials were comparable and suitable for the analysis presented in this article. The surgical arm of the OBEST had a preponderance of women, but there is no suggestion in the literature that this gender disparity would alter outcomes.
Presently available information indicates that the selection criteria employed in the CLVR study and the OBEST represent reliable predictors of patient suitability for LVRS. Major deviations from these predictors can be fraught with serious consequences and are exemplified by the high operative mortality rate (15 to 25%), modest functional improvements, and lack of survival benefits reported by the NETT 24 in patients with an FEV 1 of Յ 20% that was associated with either homogeneous emphysema and/or a Dlco of Յ 20%. These features reflect severe and diffuse destruction of lung tissue, and have been associated with a predictably high risk for and limited benefits from LVRS.
The present report focuses on the 6-month outcome from LVRS. The Steering Committees of the OBEST thought that randomization for Ͼ 6 months could deprive patients in the medical arm of a promising palliative measure for an unduly long period of time, and that this represented grounds for ethical concerns.
Both the CLVR study and the OBEST focused on the palliative influence of LVRS without examining the impact of the operation on survival, since a fundamental tenet of medical therapeutics is that palliation, especially in patients with severe debilitating illnesses, can be as important as extending life span. The severity of the disability in patients with advanced emphysema certainly justifies performing a procedure that palliates symptoms and may not increase survival.
The 6-month mortality rate was similar in the medical and surgical arms of the combined CLVR study/OBEST population. This suggests that the operative mortality rate in the LVRS arm was compensated, in a relatively short span of time, by deaths in the medical arm due to the natural progression of the disease. As the sample size for the present analysis was small, the premise is tentative, but it is supported by similar survival statistics in the predominantly upper lobe emphysema-low exercise tolerance cohort of the NETT. In that study, the 90-day mortality rates were similar in the medical and surgical cohorts, but after 29 months of follow-up the LVRS arm showed impressive survival advantages. It is possible that on longer follow-up patients in the surgical arm of the present study would show better survival than those in the medical arm. The data presented in this communication also confirm the soundness of the volume reduction principle for emphysema of the lung, as the results show that LVRS provides measurable physiologic improvements and affords effective palliation. The results of observational studies 22, 23 and the NETT randomized trial also suggest that the clinical and physiologic improvements peak 6 to 12 months after the LVRS and are sustained for 2 or 3 years before a serious decline in benefits is observed. Thus, the 6-month results from LVRS reflect the midterm palliative influence of the procedure. Available medical evidence also indicates that continued questioning of the therapeutic value of LVRS is no longer relevant, and that the debate about utilization of LVRS should shift from the medical aspects to economic and ethical concerns. 23 The economic question is about the monetary value of Ն 2 years of freedom from a disabling disease. The ethical question is simply how long a palliation is long enough to justify the high cost of a therapeutic procedure.
There are slight differences in some outcome variables between the CLVR study and the OBEST, but the directions of outcome changes are the same and the differences between the two studies are not statistically significant. The small number of patients in each trial, the subtle differences in patient selection, the unappreciable disparity in rehabilitation programs or medical therapy, and the slight variations in surgical technique might have caused this apparent difference in results. It is probable that these minor disparities would decrease with larger patient enrollments.
Although demographic profiles, severity of illness, treatment provided, and the results obtained were similar in the CLVR study and the OBEST, hospital admissions were more frequent and hospital stays were longer in the CLVR study than in the OBEST. These differences most likely relate to a greater emphasis on reducing hospital utilization in the United States than in Canada, rather than to true differences in the character of patients, the quality of care, and the outcomes from treatment.
The modest mortality rate and the considerably higher morbidity rate, combined with the large economic cost associated with LVRS, represent major shortcomings of the procedure. Advances in technology hold the prospect of achieving lung volume reduction at much lower human and financial costs. Indeed, several different minimally invasive, bronchoscopic lung volume reduction methods are being evaluated at the present time. Encouraging results from animal studies 26, 27 have been reported, but the outcome in humans has been inconsistent.
The shortcomings inherent in randomized clinical trials of complex surgical procedures are compounded by commonly encountered problems with patient recruitment and the relatively small populations that are available for analysis. The material presented in this communication suffers from these shortcomings in addition to having to combine data from two independent studies. We think that the conclusions obtained from this analysis are valid and relevant to the utilization of lung volume reduction operations. It is also relevant that the present study provides information from the second largest population available in the medical literature about randomized trials on LVRS. The authors appreciate that using the meta-analysis format may not be the ideal approach, but we think that it is a fair way to combine the data from two studies and to assess the results from a larger combined population.
Each of the 10 participating institutions in CLVR study and the OBEST performed fewer than a dozen LVRS operations under the aegis of the present clinical trials. Nonetheless, the functional results of operative mortality and morbidity were similar at the different clinical sites of the two studies and were comparable to those reported from medical centers with greater experience. This observation suggests that good results from LVRS can be obtained in qualified tertiary institutions and that the performance of the procedure need not be limited to a small number of highly specialized centers. It must be emphasized, however, that LVRS is a high-risk operation, and that the achievement of satisfactory results requires pulmonologists and thoracic surgeons who have adequate experience with performing LVRS, and up-to-date operating and intensive care facilities staffed by multidisciplinary teams that include anesthesiologists, critical care specialists, and respiratory therapists. The results will be disappointing if LVRS is performed for inappropriate indications, with inadequate experience, or by unqualified teams without appropriate facilities.
The present study indicates that, compared to optimal medical therapy, quality of life, symptoms of dyspnea, pulmonary function, and exercise tolerance are improved 6 months after LVRS in patients with severe pulmonary emphysema. LVRS is an effective palliative intervention.
